In this paper we consider a class of incomplete block designs in which each block is two dimensional. Thus, hetrogeneity is removed not only between blocks, but also in two directions within each block. Such designs have been considered before in Srivastava (1977Srivastava ( , 1978. Here, we consider the class of cyclic desings of this type when the number of treatments v is an odd number between 5 and 25, and present designs that are D-optimal within this class.
INTRODUCTION
Within the class of ordinary incomplete block designs, the subclass of cyclic designs is well known. (See, for example, KEMPTHOgNE (1953) , WOLOCK (1964) , DAvm and WOLOCK (1965) , etc.) Such designs have many desirable properties. This includes, for example, 'flexibility', since such designs can be made for all values of v. Ease of representation is another advantage since only one block of the design need be given, the other blocks being obtained from it in a cyclic manner. The (*) Recibido, Septiembre, 1981 analysis of the design is not too difficult since the information matrix is a circulant, about which a rather large amount of theory is available.
However, ordinary incomplete block designs do not provide elimination of hetrogeneity in two directions. Designs that do provide for this feature, such as generalized Youden design (OYD'S) of which latin squares, etc., form a subclass, suffer from the difficulty that there may be row-column interactions present. This, indeed, becomes highly likely since the number of rows and columns is usually large. In may situations, such interaction may be present even when the number of rows and columns is relatively small.
One way to handle this would be to eliminate hetrogeneity wihin each block. Thus, consider the following design with v = 5, and b (number of blocks) = 5, such that each block has two rows and two columns. Let the effect of the kth'treatment (k = 1,..., v) be denoted by rk, the effect of the jth block by ctj, the effect of the gth row sub-block within the jth block by PJz, the effect of the hth column sub-clock within the jth block by 7jh, and the yield in the cell (g, h) of block j by yygh. Then we shall work with the model:
Observations on distinct experimental units are independent with variance o 2, for all permissible k, j, g, and h, where we assume that the kth treatment is applied to the experimental unit corresponding to the cell (g, h) of block j. Notice that we are assuming an additive model for row and column effects within any block. However, obviously, this would usually be far more plausible here than in the corresponding oYV setting. This is so because in the former case, the number of rows and columns per block can be taken to be small. For example, in the design presented above, each block has
